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Technical Field 



The present —on = ^ ^ u — ^^--^ 

an isoquinoly, group, a benzothiazoly. flj«JP £ *£^g% ^ . pip erazin yl . group or a 
moiety has, bonded thereto v, a a me hylene ^ * c ^J^Je derivative. The substituted 
homopiperaziny, group, or an the present invention affects the bronchia, 

sulfonamide derivat,ve or acid addrto « sal ^^^, ent of P a pharmaceutical composition for the 
l0 smooth muscle of a mammal and .s useM as a act ' v9 ^ 9 The ent lnvention a , so relates to a 

novel substituted su.fonamide derive or 

acid addition salt thereof as an active ingredient. 
75 Background Art 

various compounds have been proposed as a ^^^Z^T^ 2T i^ln ^ 
vasodilator, a cerebral circulation ame Iwrator and • drug for ^ ^me t g tQ y s 

connection, reference may be made to, example ™ 25 58g , Japanese Paten , Application 

20 Paten, No. 4,456.757, US Paten No. 4,5 60,755^ ^ ™ent^° , ^ Specification No . 57 . 

La id-0 P en Specification No. 57-156463^ gW^J^^ ™ 58 . 121278 . and Japanese Patent Applica- 
200366, Japanese ™ent Ap P hcat,on La d-Ooe " Nq 0109023 (correspon din g to U.S. Patent 

tion Laid-open Specf.cat.on No. J^^p^ Application Laid-Open Specification No. 59- 

No 4,634,770, U.S. Patent No. 4,709,023, Japanese rawm w us p , , No 4>67 8,783 

25 93054, and Japanese Patent Application Laid-Open ^^oZ^ S^S and Japanese Patent 
(corresponding to ^panese Paten. Appl, «*on^Pen (corresponding to Japanese 

Application Laid-Open Specification No. 61^2758 ^ • U £ ™ 8 Patent App | icatio n Laid-Open 

Patent Application Laid-Open Specifics. on No. 62 103066 ana j p g ^ 

Specification No. 62-111981), Journal of Medic nal ^em.stry, 32. I >. _ 

treatment of respiratory ^disease « ,. 5 . is inolinesulfo namide and l-(5-isoquinolinesul- 

35 It is known in the art that N-(2 am ' noe ^ ^ ™ y M g? and N . (2 .g uan idinoethyl)-5-isoquinol.nesul- 
fonyl)-3-aminopiper,d,ne disclosed in U -S- Pate ™ pp ,a i73 . 184 (1989). Pharmacology, vol. 37. No. 3, 
tonamidesdisclosed in Agents Act.ons. vo . 28 No ^ 4. pp 173 18 < 1 ^ but also . 

pp 187-194 (1988) and European Patent "a 0^ 

40 So^rares irss^^isi. *. jl*— - — - 

^ ^r=s d suTh as 3R, medicines ^^0^^ 
clinical, therapeutic agent for the ^ ^nZ^. Further, as a representative 

example of the xanthine type medicines, am.nophy ^J™^™*^. How9ver , these xanthi ne type 
4S example of the /J-receptor stimu.ants, '*°P'f ren °' on the J art and the like, and an intractable asthma 
^jfJttESSZ hat SSS-rS — medicines do not always satis, 

1,16 nSlSST*. Present inventors have ^^^T^S 
so developing a drug which is more ; in which the S 

asthma. As a result, „ has been fount I tha a spe c,f .c subs isoquinolyl group , « ben zothiazolyl 

atom of a sulfonamide moiety has, bonded thereto a qu.no lyl g oup^ m ^ ^ g 

group or a quinazolin-4-on , group " d ^ N ^ J^^'^p^ny. group, and an acid 
ss ST^-T h^'stCg ^^SSy 8 « on this rinding, the present invention has 
been completed. . tri nmvide a substituted sulfonamide derivative or an 
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an active ingredient of a drug for the prevention and treatment of respiratory diseases, such as asthma. 

It is another object of the present invention to provide a pharmaceutical composition comprising the 
above-mentioned sulfonamide derivative or acid addition salt thereof as an active ingredient, which has 
excellent bronchoconstriction inhibiting activity so that it is useful as a drug for the prevention and treatment 
of respiratory diseases, such as asthma. 

The foregoing and other objects, features and advantages of the present invention will be apparent from 
the following detailed description and appended claims. 

Disclosure of The Invention 

According to the present invention, there is provided a substituted sulfonamide derivative represented 
by formula (I) or a pharmaceutically acceptable acid addition salt thereof 

X - S0 2 N / ^G - - E (I). 

20 

In the above formula (I), A represents a hydrogen atom or an alkyl group having 1 to 6, preferably 1 to 
3 carbon atoms. A hydrogen atom is particularly preferred. Representative examples of such alkyl groups 
include a methyl group and an ethyl group. 

In the above formula (I), G represents a group selected from a methylene group and an alkylene group 
25 having 2 to 6 carbon atoms, which are each unsubstituted or each have at least one carbon-bonded 
hydrogen atom substituted with an alkyl group having 1 to 6 carbon atoms or with a hydroxyl group. Of 
these, an ethylene group is particularly preferred. 

In the above formula (I), Q 1 represents an ethylene group which is unsubstituted or has at least one 
carbon-bonded hydrogen atom substituted with an alkyl group having 1 to 6 carbon atoms. Q 2 represents a 
30 group selected from an ethylene group and a trimethylene group, which are each unsubstituted or each 
have at least one carbon-bonded hydrogen atom substituted with an alkyl group having 1 to 6 carbon 
atoms. Of these, it is particularly preferred that Q 1 represent an ethylene group and Q 2 represent an 
ethylene group or a trimethylene group. 

In the above formula (I), E represents a group selected from a straight chain or branched alkyl group 
35 having 1 to 6 carbon atoms, a group represented by formula (ll-a) and a group represented by formula (II- 
b), 

- G - J - Z (ll-a), 
40 - G - Z (ll-b) 

which are each unsubstituted or each have at least one carbon-bonded hydrogen atom substituted with an 
alkyl group having 1 to 6 carbon atoms or with a hydroxyl group. 

It is preferred that E represent a group of formula (ll-a) or formula (ll-b). In the formulae (ll-a) and (ll-b), 

45 G is as defined above, and J represents an oxygen atom, a sulfur atom or a nitrogen atom. Of these, it is 
particularly preferred that G represent an ethylene group or a trimethylene group and J represent an 
oxygen atom. Z represents an aryl group having 5 to 10 carbon atoms which is unsubstituted or has at least 
one carbon-bonded hydrogen atom substituted with an alkyl group having 1 to 6, preferably 1 to 3 carbon 
atoms, an alkoxy group having 1 to 6, preferably 1 to 3 carbon atoms or a halogen atom, or a heterocyclic 

so group having 1 to 5 carbon atoms and having 1 to 4 heteroatoms, said heteroatoms being at least one atom 
selected from an oxygen atom, a sulfur atom and a nitrogen atom, with the proviso that when said 
heteroatom is an oxygen atom, said oxygen atom is not bonded to the above-mentioned G or J. Of these, it 
is particularly preferred that Z represent a phenyl group which is unsubstituted or has at least one carbon- 
bonded hydrogen atom substituted with an alkyl group having 1 to 6 carbon atoms, an alkoxy group having 

55 1 to 6 carbon atoms or a halogen atom. Representative examples of such alkyl groups having 1 to 6 carbon 
atoms include a methyl group and an ethyl group. Representative examples of such alkoxy groups having 1 
to 6 carbon atoms include a methoxy group and an ethoxy group. Representative examples of halogen 
atoms include fluorine, chlorine, bromine and iodine atoms. It is particularly preferred that the heterocyclic 
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9rOU |n me alo-ve' formula (I). X represents a group represented by a formula selected from the following 

formulae: 



III-a 



TO 
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N 



(III-C) 

and 




(Ill-d) 



wherein R 1 represents a hydrogen atom, a halogen atom or an alkyl group having | 1 to 6 carbon atoms 
and Represents a hydrogen atom or a hydroxyl group, with the proviso that when R* ,s a hydroxyl group 
and bonded to the 2-position of formula (lll-a), said group of formula (Ill-a) is a carbostyr. group. 

Of the groups represented by the above formulae, a quinolyl group of formula (Hl-a and "JWO^ 
group of formula (lll-b) are particularly preferred. In the quinolyl group, it is particularly Purred that 
subs'tuent R 1 represent a halogen atom. Representative examples of such halogen atoms .nclude fluorine, 
rhinrine bromine, and iodine atoms. „ . 

TxampteT of substituted sulfonamide derivatives represented by formula (I) accord.ng to the present 

invention include the following compounds: 

(1 ) 1 -(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(phenylthio)propyl]piperazine 

(2) i-(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(phenoxy)propyl]pipera2ine 

(3) i-(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(phenylthio)propyl]homopipera2.ne 

(4) i-(8-chloro-5-quinolinesulfonylaminoethylH-t3-(phenoxy)propyl]homop t peraz.ne 

(5) i-(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(phenoxy)ethyl]piperazine 

(6) i-(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(phenoxy)butyl]piperazine 

(7) i-(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(phenoxy)propyl]piperazine 
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(8) i-(8-methyl-5-quinolinesulfonylaminoethy!)-4-[3-(phenoxy)propyl]pipera2ine 

(9) l-(5-quinolinesulfonylaminoethyl)-4-[3-(phenoxy)propyl]piperazine 

(1 0) 1 -(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(4-fiuorophenoxy)propyl]homopiperaztne 

(11) 1 -(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(4-methoxyphenoxy)propy)]homopipera2ine 

(1 2) 1 -(8-chloro-5-quinolinesulfonyiamtnoethyl)-4-[3-(4-methylphenoxy)propy!]homopipera2ine 

(1 3) 1 -(8-chloro-5-quinolinesulfonylaminopropyl)-4-[3-(phenoxy)propyl]piperazine 

(1 4) 1 -(8-chloro-5-quinolinesutfonyl)-N-methylaminoethyl)-4-[3-(phenoxy)propyl]piperazine 

(1 5) 1 -(8-chloro-5-quinoiinesulfony laminoethy l)-4-[3-j3-naphthoxy)propyl]piperazine 

(16) 1-(8-chloro-5-quinolinesulfonylaminoethyl)-3-methyl-4-[3-(phenoxy)propyl]pipera2ine 

(1 7) 1 -(8-chloro-5-quinolinesulfony laminoethyl)-4-(propy l)piperazine 

(1 8) 1 -(8-chtoro-5-quinolinesulfonylanninoethyl)-4-[2-(methyl)propyl]piperazine 

(1 9) 1 -(8-chtoro-5-quinolinesulfonylaminoethyl)-4-E3-(hydroxy)propyI]pipera2ine 

(20) 1-(6-ben20thia2olsulfonylaminoethyl)-4-[3-(phenoxy)propyi]piperazine 

(21 ) 1 -(6-quinazolin-4-onsulfonylaminoethyi)-4-[3-(phenoxy)propyl]pipera2ine 

(22) 1-(5-isoquinolinesulfonylaminoethyl)-4-[3-(phenoxy)propyl]pipera2ine 

(23) l-(8-chloro-5-carbostyrilsulfonylaminoethyl)-4-[3-(phenoxy)propyl]piperazine dihydrochloride 

(24) 1 -(1 -hydroxy-5-isoquinolinesulfony laminoethyl)-4-[3-(phenoxy)propyl]piperazine dihydrochloride 

(25) 1-(8-chloro-5-quinolinesulfonylaminoethyl)-4-[3-(3-pyridyl)propyl]pipera2ine. 

Further, according to the present invention, there is also provided an acid addition salt of the substituted 
sulfonamide derivative represented by the above-mentioned formula (I). This salt is a pharmacologically 
acceptable, non-toxic salt. Examples of salts include salts with inorganic acids, such as hydrochloric acid, 
hydrobromic acid, phosphoric acid and sulfuric acid, and organic acids, such as acetic acid, citric acid, 
tartaric acid, lactic acid, succinic acid, fumaric acid, maleic acid and methanesulfonic acid. 

The substituted sulfonamide derivative of the present invention can be produced by various methods 
and is not particularly limited. For example, there can be mentioned a method in which a sulfonic acid 
which has the above-mentioned substituent X (where R 2 represents a hydrogen atom) is reacted with thionyl 
chloride or the like to convert the sulfonic acid group to a sulfonyl chloride group, thereby obtaining a 
sulfonyl chloride compound, and then, the obtained sulfonyl chloride compound is reacted with an amine 
represented by the following formula: 



wherein A, G, Q\ Q 2 and E are as defined above for formula (I). 

In the case where R 2 in the above-mentioned substituent X represents a hydroxyl group, the substituted 
sulfonamide derivative of the present invention can be produced by a method in which a sulfonic acid which 
has a substituent (which corresponds to substituent X but has a chlorine atom at the R 2 position thereof) is 
reacted with thionyl chloride or the like to convert the sulfonic acid group to a sulfonyl chloride group, 
thereby obtaining a sulfonyl chloride compound, and then, the sulfonyl chloride compound is reacted with 
an amine represented by the above formula (IV). followed by hydrolysis with an inorganic acid or an organic 
acid. The acid addition salt of the substituted sulfonamide derivative according to the present invention can 
readily be produced by reacting the substituted sulfonamide derivative obtained by the method mentioned 
above with an inorganic acid or an organic acid. On the other hand, when the compound is obtained in an 
acid addition salt form by the above-mentioned methods (in which a sulfonic acid is used as a starting 
material), the corresponding compound in a free form can easily be formed by treatment with an alkali. 

Hereinbelow, representative examples of methods for producing the substituted sulfonamide derivative 
and acid addition salt thereof according to the present invention will be described in detail. (Method 1): 
Production of a substituted sulfonamide derivative represented by formula (I), wherein R 2 of X is a hydrogen 
atom 

In accordance with the following formula (V), an X-substituted sulfonic acid of formula (VI) is reacted 
with thionyl chloride in the presence of a catalytically effective amount (usually 0.5 to 5 % by volume based 
on the amount of thionyl chloride) of N,N-dimethylformamide, thereby obtaining an X-substituted sulfonyl 
chloride of formula (VII) in accordance with the route of formula (V): 




(IV) 
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SO^H 



so 2 ci 



(V) 



TO 



15 



20 



25 



30 



X 

(VI) 



X 

(VII) 



35 



40 



45 



wherein X has ,he same meaning as defined for formula (.) with the proviso that * represents a 
hyd The e co a rnpound of formuia <VU) is then reacted with the compound of formula (IV). thereby obtaining the 
dJSSS- resented b y «)^n * ^ZZZ^Z, (IV) may be carried 

The reaction ^^^"^ ££j r < Espies of acid' acceptors which may be employed 
out in the presence or absence of an acid acceptor^ p sodium nydroxide . potassium car- 

'£2 tiriSTS ^um SSr^ tertiary amines, such as pyridine. 

out in a solvent. Examples of solvents wh.ch ^^^^^T^ diethyl ether; dimethyl 
SSSiST; SffA'SSr*-. solvents may be used individually 

" in TheTm U ount of the compound of formula (.V, may be in ^-^^2** 
, to 10 mols per mol of the compound o ormula ™ ^ a m 

srris i^^rKrs: - ^ „• - - *. - — 

^C^SIK S^U in the range o, from -30 to ,20-C. preferably -20 to SO'C. The 

reaction time is generally 0.5 to 48 hours, preferably 0.5 to 6 hours. 

(Method 2): Production of an acid addition salt from the substituted sulfonamide derivative obtained in 
Method 1 

The compound obtained in Method 1 is ^solved in -^'^ ^ so^ ^-cld 
a solution. Then, an equivalent or several fold amount an aad ,« ^ hydrobromic acid. 

formula (VIII): 



50 



55 



of 



J 



- S0 2 N / - G - 



CI 



N - E (VIII) 



. - , rtrmil i- /vilh with an aqueous solution of an inorganic acid gives the 
J£E£££ S'SVoupV desired compound being in the form o, an 



acid addition salt. 
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Representative examples of inorganic acids include hydrochloric acid, sulfuric acid and hydrobromic 
acid. The concentration of the inorganic acid in the aqueous solution is preferably in the range of from 0.25 
to 10 mole/liter. 

The reaction temperature is generally in the range of from 50 to 100*C, and the reaction time is 
generally in the range of from 2 to 6 hours. 

The substituted sulfonamide derivative and pharmaceutical^ acceptable acid addition salt thereof 
according to the present invention exert an excellent bronchial smooth muscle relaxation action. Accord- 
ingly, these are substances useful for prevention and treatment of respiratory organ diseases, such as 

asthma. . , J , ... 

Accordingly, in another aspect of the present invention, there is provided a pharmaceutical composition 
comprising a substituted sulfonamide derivative represented by formula (I) or a pharmaceutical^ acceptable 
acid addition salt thereof, and at least one pharmaceutical^ acceptable carrier or diluent. 

Examples of carriers which may be employed include vehicles, such as lactose, sucrose, glucose, 
starch and crystalline cellulose; binders, such as hydroxypropyl cellulose, carboxymethyl cellulose, starch, 
is gum arabic, gelatin, glucose, sucrose, tragacanth and sodium alginate; disintegrators, such as carbox- 
ymethyl cellulose, starch and calcium carbonate; lubricants, such as magnesium stearate, refined tare, 
stearic acid and calcium stearate; additives such as lecithine, soybean oil and glycerin; and the like. In the 
case where the compounds of the present invention are formulated into an inhalant, polych- 
loromonofluoromethane or the like may be used as a solvent. 
20 Further, the compound of the present invention may be used in combination with other drugs, 
depending on the symptoms of a patient. For example, the compound may be used in combination with 
other bronchodilators, antiallegic agents, steroids, expectorants and antibiotics. 

When the compound of the present invention is administered to human, the compound may be orally 
administered in the form of a tablet, powder, granule, capsule, sugar-coated tablet, suspension and syrup, 
25 or parenteral^ administered in the form of a solution or suspension for injection, cream and spray. The 
dose is varied depending on the age, weight, condition, etc. of the patient. However, the dose may 
generally be in the range of from 3 to 300 mg per day for an adult. The daily dose may be administered at 
one time, or it may also be devided into 2 or 3 portions and these portions are administered at intervals. 
The administration is generally continued for a period of from several days to 2 months. The daily dose and 
30 the administration period are varied to some extent, depending on the condition of the patient. 

The efficacy of the substituted sulfonamide derivative according to the present invention was assayed 
by the effect thereof on the supression of the histamine-induced constriction of the trachea of a guinea pig. 
As a result, the following was confirmed. 

That is, in the in vivo experiment on the trachea of a guinea pig, 1-(8-chloro-5-quinolmesul- 
fony laminoethyl)-4-[3-(pheHyithio)propyl]piperazine (1 ) and 1 -<8-chloro-5-quinolinesulfony laminoethyl)-4-[3- 
(phenoxy) propyl]piperazine (2), each intravenously administered in an amount of 0.1 mg/kg, respectively 
suppressed 82% and 88% of histamine-induced bronchoconstriction. By contrast, intravenous administration 
of 1 mg/kg of each of aminophylline and comparative compound (1) described later which were used as 
controls, respectively suppressed only 5% and 18% of histamine-induced bronchoconstriction. 

As described above, the substituted sulfonamide derivative of the present invention exhibits an excellent 
bronchial smooth muscle relaxation activity, showing that it is a useful substance as a medicine for the 
prevention and treatment of respiratory organ diseases, such as asthma. 
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40 
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Best Mode for Carrying Out the Invention 

In the following Examples, the respective yields of the desired compounds of the present invention as 
shown in Tables 1 to 8 are determined relative to the amount of a compound represented by formula (VI) 
above. 

Hereinbelow, the present invention will be described in detail with reference to the following Examples 
but they should not be construed to be limiting the scope of the present invention. 

Example 1 

To 14.2 g of 8-chloro-5-quinolinesulfonic acid were added 142 ml of thionyl chloride and 1.42 ml of 
dimethylformamide. The resultant mixture was heated under reflux for 3 hours and the thionyl chloride was 
removed by distillation under reduced pressure to obtain a residue. The thus obtained residue was 
dissolved in 100 ml of ice water and adjusted to a pH of 6 with a saturated aqueous sodium carbonate 
solution followed by extraction with 100 ml of dichloromethane to obtain a dichloromethane phase. The 
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o =hh*h Hrnnwise to 100 ml of a dichloromethane solution containing 16.3 g of 1- 
dichloromethane phase was added d opw.se to 101 mi o trjetnylamine ovef 30 minutes white cooling 
( 2 - a mino e thyl)-4- [ 3-(phenylthio)propy.]p 1 perazme and 6J5 g of . 2 hQufS (0 carry out a 

with ice. The resultant mixture was st, rred at a tempera of^ Ojo ^ 
reaction. After completion * the by distillation under reduced 
s over anhydrous magnesium ^^^^ was subjected to purification by means of a column 
pressure to obtain a residue. The thus obta ned residue was j K b w k Pure Cne mical 

for chromatography pac.ed with 250 g ^^J^^^SSSLni (2 % methanol) as an 

to piperazine (1) (yield: 72%). 

NMR spectrum (5 ppm) (CDCI3/CD3OD): 

1 .7-2.5(1 4H). 2.8-3.0(2H), 3.8-4.0(2H), 6.6-8.2(8H), 8.9-9.2(2H). 
Mass spectrum (m/e): 505 

75 Examples 2 to 17 

Substantia,* the same procedure as in Example 1 was re^e, except that, in o.ace of 1-(2- 
aminoethylM-tS^phenylthiOpropyil-piperazine, ind.v.dua! use was made of 

1-(2-aminoethyl)-4-[3-(phenoxy)propyl]piperaz l ne, 
20 i-(2-aminoethyl)-4-[3-(phenylthio)propyI]homo Pl peraz.ne ( 

1-(2-aminoethyl)-4-[3-(phenoxy)propyl]homopiperaz,ne t 

1-(2-aminoethyl)-4-[3-(phenoxy)ethyl]piperazine. 

1-(2-aminoethyl)-4-[3-(phenoxy)butyl]piperazine, 

1-(2-aminoethyl)-4-[3-(fluorophenoxy)propyilpiperazine, 
25 1 -(2-aminoethy!)-4-[3-(4-methoxyphenoxy)propy l]p>perazme, 

1-(2-aminoethyl)-4-[3-(4-methylphenoxy)propyl]p«perazme. 

1-(3-aminopropyl)-4-[3-(phenoxy)propyl]piperazine t 

l-[N-(methyl)-2-aminoethyl]-4-[3-(phenoxy)propyl]piperaz.ne, 

1 -(2-aminoethylH-[3-(j3-(naphthoxy)propyi3piperaz.ne. 
30 i-(2-amlnoethyl)-3-methyl-4-t3-(phenoxy)propyl)piperazme. 

1 -(2-aminoethyl)-4-(propyl)piperazine t 

1-(2-aminoethyl)-4-[2-(methyl)propyl]piperazine, 

]z^^sr»zz°x^ — • «• «>• <♦>■ < 6 >- "»>■ 
- '"'r^i^rr^rsri'rr^ - «... - .... 

compounds are shown in Tables 4 and 5. 
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Table 1 





Amines used 


Reac- 
tion 
tem- 
pera - 
ture 
(°C) 


Time 
( hours ) 




Amount 

lype 

(g) 


Ex- 
am- 
ple 

2 


HzNCH 2 CH 2 ^NCH 2 CH2CH2-0-^^ 15 - 4 


15-20 


2 


Ex- 
am- 
ple 
3 


H2NCH 2 CH 2 QiCH 2 CH 2 CH 2 -S-(0) 17 - 1 


15-20 


1 


Ex- 
am- 
ple 
4 


H 2 KCH 2 CH 2 N^CH 2 CH2CH2-0-(O) 16 * 2 


15-20 


2 


Ex- 
am- 
ple 
5 


H 2 NCH 2 CH 2 N^CH 2 CH2-0-<^) 


15-20 


2 


Ex- 
am- 
ple 
6 


H2NCH2CH2N^NCH 2 CH2CH2CH2-0-(O)> 16 ' 2 


15-20 


2 


Ex- 
am- 
ple 
7 


H2NCH2CH 2 /^CH2CH 2 CH2-0^O)-F 16 * 4 


15-20 


1 



EP 0 525 203 A1 



Table 2 



70 



75 
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Amines used 



Type 



Reac- 
tion 
tern- 
Amount | pera- 
ture 

<g> i<° c > 



Time 
(hours ) 



Ex- 



am-) H 2 NCH 2 CH 2 ^ JCH 2 CH 2 CH 2 

pie 
8 



Me 17.1 15-20 



Ex- 
am- 
ple 
9 



Ex- 
am- 
ple 
10 



H2NCH2CH2N NCH2CH2CH2 



16.2 15-20 



H2NCH2CH2CH2N NCH2CH2CH2 



-o-<Q> 



16.2 15-20 



Ex- 
am- 
ple 
11 



Me 



HNCH 2 CH2^J^CH 2 CH2CH2-0- 



16 .2 



Ex- 
am- 
ple 
12 



HzNCH2CH2O CH2CH2CH2 " 0 "@§ ) 



18.4 



15-20 



15-20 
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Table 3 





Amines used 


Reac- 
tion 
tem- 
pera- 
ture 
<°C) 


Time 
( hours ) 


Amount 

Type 

(g) 


Ex- 
am- 
ple 
13 


H2NCH2CH2^^CH 2 CH2CH2-0-<O) 


15-20 


1 


Ex- 
am- 
ple 
14 


10.0 

H 2 NCH2CH 2 N^JICH2CH2CH3 


15-20 


1 


Ex- 
am- 
ple 
15 


H 2 NCH 2 CH 2 N NCH 2 CH" 

^ — ^ r u 
L n 3 


15-20 


1 


Ex- 
am- 
ple 
16 


H 2 NCH 2 CH 2 ^J1CH 2 CH 2 CK 2 0H L °' 9 


15-20 


1 


Ex- 
am- 
ple 
17 


H 2 NCH2CH 2 fT^CH 2 CH2CH 2 -r^| 14 * 8 


15-20 


1 
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Table 4 







Compound No. 


Yield (%) 


Mass spectrum (m/e) 


NMR spectrum (5 ppm) (CDCI3/CD3OD) 


5 


Example <; 




63 


489 


1.7-2.6(14H),2.9-3.1(2H) 
3.9-4.1 (2H) 

6.7-8.3(8H),9.0-9.2(2H) 


10 


Example 3 


w) 


fi4. 


519 


1.4-2.0(2H),2.1-3.1(18H) 
7.0-8.3(8H),9.0-9.2(2H) 


Example 4 


(4) 


66 


503 


1. 3-2.1 (2H).2.2-3.1(18H) 
7.0-8.3(8H),9.0-9.2(2H) 


15 


Example 5 


(5) 


69 


475 


1. 6- 2.6(1 2H).2.9-3.1(2H) 
3.8-4.1 (2H) 

6.7- 8.3(8H),9.0-9.2(2H) 




Example 6 


(6) 


69 


503 


1.6-1 .9(4H),2.0-2.5(12H) 
2.8-3.1 (2H),3.8-4.0(2H) 
6.6-8.2(8H),8.9-9.1(2H) 


20 


Example 7 


(10) 


71 


507 


1. 6-2.6(1 4H) 

2.8-3.1 (2H),3.8-4.0(2H) 

6.6-8.2(7H),8.9-9.1 (2H) 


25 


Example 8 


01) 


71 


519 


1. 6-2.6(1 4H),2.8-3.1(2H) 
3.7(3H),3.8-4.0(2H) 

6.6-8.2(7H),8.9-9.1(2H) 


30 


Example 9 


(12) 


72 


503 


1. 7- 2.8(1 7H),2.8-3.1{2H) 

3.8- 4.0(2H) 

6.6-8.2(7H),8.9-9.2(2H) 




Example 10 


(13) 


63 


503 


1. 7-2.6(1 4H),2.9-3.1(2H) 
3.5-4.1 (4H) 

6.7-8.3(8H),9.0-9.2(2H) 



35 



40 



45 



50 
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Table 5 







Compound No. 


Yield (%) 


Mass spectrum (m/e) 


(Nivirt spectrum \o ppm; ^uw3f^U3UU) 


5 


Example 11 


(14) 


58 


503 


1 .7-2.6(1 7H),2.9-3.1(2H) 
3.9-4.1 (2H) 

a ~T Q 1/QW\ Q n_Q o/ou\ 

D. /-o.o{on^,y.u-y.<i^nj 




Example 12 


(15) 


54 


541 


1. 5-2.7(1 4H),2.8-3.1(2H) 
3.8-4.1 (2H) 


t n 

1 u 










a "7 O /1/Hnu\ Q Q Q 

D. /-o.4(i Un),o.y-y.*it<in; 




Example 13 


(16) 


66 


503 


1. 6-2.6(1 7H),2.8-3.1(2H) 
3.9-4.1 (2H) 

D.7-8.4(on),y.U-y.£(<;n) 


15 


Example 14 


(17) 


73 


397 


0.7-1 .7(5H),2.1-2.5(12H) 
2.9-3.3(2H) 

-7 c q , 2/*ai_j\ q n q o/oi-i\ 


20 


Example 15 


(18) 


68 


411 


0.6-1 .9(8H),2.0-2.5(12H) 
2 8-3 3f2hh 










7.6-8.2(3H),8.9-9.1(2H) 


25 


Example 16 


(19) 


49 


413 


1. 6-2.6(1 4H) 

2.8-3.1 (2H),3.8-4.0(2H) 

7.6-8.2(3H),8-9-9.1(2H) 




Example 17 


(25) 


67 


474 


1. 5-2.8(1 6H),2.9-3.1(2H) 
7.0-8.5(7H),9.0-9.2(2H) 



Examples 18 to 23 

Substantially the same procedure as in Example 1 was repeated, except that 1-[3-(phenoxy)propyl]- 
piperazine was used in place of 1-[3-(phenylthio)propyl]piperazine, and that 13.2 g of 8-fluoro-5- 
quinolinesulfonic acid, 13.0 g of 8-methyl-5-quinoiinesulfonic acid, 12.2 g of 5-quinolinesulfonic acid, 12.5 g 
of 6-benzothiazolesulfonic acid. 13.2 g of 6-quinazolin-4-onsulfonic acid, and 12.2 g of 5-isoquinolinesulfonic 
acid were individually used in place of 8-chloro-5-quinolinesulfonic acid, to thereby obtain compounds (7), 
(8), (9), (20), (21) and (22), respectively. 

The reaction conditions are shown in Table 6, and the yields and analytical data of these compounds 
are shown in Table 7. 



45 



50 



55 
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Table 6 



Amines used 



Type 



Amount 

(g) 



Ex- 
am- 
ple 
18 



H 2 NCH 2 CH 2 N NCH 2 CH 2 CH 2 



15 .4 



Reac- 
tion 
tem- 
pera- 
ture 
(°C) 



15-20 



Time 



( hours ) 



Ex- 
am- 
ple 
19 



H 2 NCH 2 CH2N^NCH 2 CH2CH2-0-(^) 



15.4 



15-20 



Ex- 
am- 
ple 
20 



H 2 NCH 2 CH 2 N NCH 2 CH 2 CH 2 -0-' 



15 .4 



15-20 



Ex- 
am- 
ple 
21 



H 2 NCH 2 CH 2 N NCH 2 CH 2 CH 2 -0- 



15 . 4 



15-20 



Ex- 
am- 
ple 
22 



H 2 NCH 2 CH 2 N^NCH 2 CH 2 CH 2 -OH^) 



15.4 



15-20 



Ex- 
am- 
ple 
23 



HzNCHzCHitT^NCHzCHzCHi-O-^) 



15.4 



15-20 



55 
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Table 7 









Yield (%) 


Mass spectrum (m/e) 


NMR spectrum (5 ppm) (CDCI3/CD3OD) 


5 


Example 18 


(7) 


62 


472 


1. 7-3.1 (14H),3.5-4.2(4H) 
b.o-o.4(on),y.U-y.o^nj 




Example 19 


(8) 


67 


468 


1 .7- 3.1 (1 4H),3.3-4. 1 (7H) 

6.8- 8.4(8H),9.0-9.3(2H) 


70 


Example 20 


0) 


68 


454 


1.7- 3.1(16H),3.9-4.1(2H) 

6.8- 8.4(8H),8.8-9.3(3H) 




Example 21 


(20) 


70 


460 


1. 6-2.6(1 4H),2.9-3.1(2H) 
3.8-4.1 (2H) 


75 












Example 22 


(21) 


64 


471 


1. 6-2.7(1 4H),2.8-3.1(2H) 
3.8-4.1 (2H) 
6.6-9.0(9H) 


20 


Example 23 


(22) 


62 


454 


1. 6-2.6(1 4H),2.8-3.1(2H) 
3.8-4.1 (2H) 
6.6-8.7(1 0H),9.2(1H) 



■ 25 Example 24 

1.0 g of i-(8-chloro-5-quinolinesulfonylaminoethyl)-4"[3-(phenylthio)propyl]piperazine obtained in Exam- 
ple 1 was dissolved in 10 ml of methanol, and to the resultant solution was added a 2-equivalent amount of 
an aqueous hydrochloric acid, followed by stirring for 10 minutes. Then, solvent removal was conducted by 
30 distillation under reduced pressure to obtain a residue. The thus obtained residue was subjected to 
recrystallization using a mixture of ethanol and ether to obtain 0.84 g of 1-(8-chloro-5-quinolinesul- 
fonylaminoethyl)-4-[3-(phenylthio)propyl]piperazine dihydrochloride (yield: 73%). 



35 



Elementary analysis (%) of dihydrochloride of compound (1): 



Calculated: 
Found: 



C: 49.87, 


H: 5.41. 


N: 9.69, 


C: 49.58, 


H: 5.46, 


N: 9.45, 



CI: 18.40 
CI: 18.28 



40 



45 



50 



55 



Example 25 

To 14.2 g of 1-ch1oro-5-isoquinolinesulfonic acid were added 142 ml of thionyl chloride and 1.42 ml of 
dimethylformamide. The resultant mixture was heated under reflux for 3 hours and the thionyl chloride was 
removed by distillation under reduced pressure to obtain a residue. The thus obtained residue was 
dissolved in 100 ml of ice water and adjusted to a pH of 6 with a saturated aqueous sodium carbonate 
solution, followed by extraction with 100 ml of dichloromethane to obtain a dichloromethane phase. The 
dichloro'methane phase was dropwise added to 100 ml of a dichloromethane solution containing 15.4 g of 1- 
(2-aminoethyl)-4-[3-(phenoxy)propyl]piperazine and 6.5 g of triethylamine over 30 minutes while cooling with 
ice. The resultant mixture was stirred at a temperature of 15" C to 20" C for 2 hours to carry out a reaction. 
After completion of the reaction, the reaction mixture was washed with 200 ml of water and dried over 
anhydrous magnesium sulfate. Then, solvent removal was conducted by distillation under reduced pressure 
to thereby obtain a residue. The thus obtained residue was subjected to purification by means of a column 
for chromatography packed with 250 g of silica gel (Wakogel C-200, manufactured by Wako Pure Chemical 
Industries, Ltd., Japan) using a mixed solvent of methanol and chloroform (2% methanol) as an eluent, to 
thereby obtain 19.6 g of i-(i-chloro-5-isoquinolinesulfonylaminoethyl)-4-[3-(phenoxy)propyl]piperazine 

(yield: 69%). 

To 19.6 g of l-(l-chloro-5-isoquinolinesulfonylaminoethyl)-4-[3-(phenoxy)propyl]piperazine was added 
200 ml of 6 mol/liter hydrochloric acid, and the resultant mixture was heated at 80 *C for 6 hours to obtain 
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crystalline precipitate. The crystalline precipitate was filtered off and washed with 100 ml of ice water twice 
and then washed with 100 ml of ethanol twice, followed by drying, to thereby obtain M 7 g , o <M1 -hydroxy- 
5-isoquinolinesulfon y laminoethyl)-4-[3-(phenoxy)propyl]pipera2ine dihydrochlor.de (24) (yield: 58 X>). 
NMR spectrum (5 ppm) (DMS0-d e /CD 3 OD): 

1. 7-2.7(1 4H), 2.8-3.0(2H), 3.8-4.2(2H), 6.6-7.8(8H), 8.0-8.8(2H) 
Mass spectrum (m/e): 470 



w 



Example 26 



Substantially the same procedure as in Example 25 was repeated, except that 16.2 g of 2 8 ; dichloro-5- 
quinolinesulfonic acid was used in place of l-chloro-5-isoquinolinesulfonic ac.d, to .thereby obta.n 18.2 g of 
1-(2 8-dichloro-5-quinoiinesuifonylaminoethyl)-4-[3-(phenoxy)propyl]piperazine (yield: 60 /o). 

The thus obtained compound was hydrolyzed in the same manner as in Example 25, thereby obtaining 
11.2 g of i-(8-chloro-5-carbostyhlsulfonylaminoethyl)-4-[3-(phenoxy)propyl]piperaz.ne d.hydrochlor.de (23) 

is (yield: 56%). 

NMR spectrum (5 ppm) (DMSO-ds/CD 3 OD): 

1. 7-2.5(1 4H), 2.8-3.0(2H), 3.8-4.0(2H), 6.6-8.7(1 OH) 
Mass spectrum (m/e): 505 

20 Application Example 1 

In v ivo Test with Trachea 

According to a modified Konzett-Rossler method [see J. Martinez et al. Bronchial Arterial Injections vol 
25 33 p 295, (1961); and Masaaki Takai et al. Oyo Yakuri (Applied Pharmacology), vol. 17. p.345 (1979)] the 
efficacy of the compounds of the present invention was assayed on trachea in vivo. Compounds (1) to (22) 
used herein for testing were individually in the form of a dihydrochloride obtained in the same manner as in 

^Urethane was intraperitoneally administered to male guinea pigs each weighing 350 to 500 g (Hartley 
30 strain, Kuroda monoclone) in an amount of 1.5 g/kg of body weight to anesthetize the guinea pigs. Then 
cannulae were respectively inserted into the trachea and femoral veins of each guinea p,g under urethane 
anesthesia and fixed. The inserted tracheal cannula was connected to a respirator for small anima (model 
1683 manufactured by Harvard Co.. Ltd.) and to a pneumotachometer (model MHF-1200, manufactured by 
Ninon Kohden Corp.) through a water-containing bottle positioned at a 10 cm height, and the respiration rate 

as was measured^ ^^^.^ compounds of the prese nt invention was administered to guinea pigs 
through the femoral vein thereof in an amount of 0.1 mg/kg of body weight. Three minutes after the 
administration, histamine was administered to the guinea pigs through the femoral vein thereof in an amount 
of 20 uq/kq of body weight to thereby induce constriction of the trachea, and the suppression of the 

« histamine-induced tracheal constriction, which was attained by each of the above-described compounds o 
the present invention, was determined. For comparison, the suppression of the histamine-induced tracheal 
constriction, which was exhibited by each of aminophylline and comparative compound (1), was determined 
in substantially the same manner as described above. As a solvent for each compound, physiological saline 
was used. The number of guinea pigs tested for each compound was 3. 

45 The results are shown in Table 8. 



so 



ss 
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Table 8 



Compound No. 


Suppression of tracheal 
constriction (%) 


Compound No. 


Suppression of trachea! 
constriction (%) 


\ 1 ) 


82 


(14) 


61 


(0\ 


88 


(15) 


21 


w) 


59 


(16) 


55 


V*) 


fi1 


(17) 


75 




84 


(18) 


69 


\P) 


52 


(19) 


23 


\* ) 


43 


(20) 


32 


(°) 




(21) 


29 


(9) 


38 


(22) 


71 


(10) 


58 


(23) 


51 


(11) 


41 


(24) 


45 


(12) 


39 


(25) 


72 


(13) 


48 


Aminophylline 


5 






Comparative compound (1) 


18 



Comparative compound (1 ): 

N-[2-(4-methoxyphenethylamino)ethyl]-8-chloro-5-quinoline sulfoneamide hydrochloride 
Industrial Applicability 

Tha pharmaceutical composition containing as an active ingredient the novel substituted sulfonamide 
derivative or pharmaceutically acceptable acid addition salt thereof according to the present invention 
exhibits an excellent activity to inhibit the constriction of the bronchial smooth muscle of a mammal, and is 
useful as an effective medicine for the prevention and treatment of respiratory diseases, such as asthma. 

Claims 

1. A substituted sulfonamide derivative represented by formula (I) or a pharmaceutically acceptable acid 
addition salt thereof 

A Q 1 

X - SOoN^G - - E (I) 

1 y 



wherein A represents a hydrogen atom or an alkyl group having 1 to 6 carbon atoms; G represents a 
group selected from a methylene group and an alkylene group having 2 to 6 carbon atoms, which are 
each unsubstituted or each have at least one carbon-bonded hydrogen atom substituted with an alkyl 
group having 1 to 6 carbon atoms or with a hydroxyl group; CT represents an ethylene group which is 
unsubstituted or has at least one carbon-bonded hydrogen atom substituted with an alkyl group having 
1 to 6 carbon atoms; Q 2 represents a group selected from an ethylene group and a trimethylene group, 
which are each unsubstituted or each have at least one carbon-bonded hydrogen atom substituted with 
an alkyl group having 1 to 6 carbon atoms; E represents a group selected from an alkyl group having 1 
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to 6 carbon atoms, a group represented by formula (ll-a) and a group represented by formula (ll-b). 
which are each unsubstituted or each have at least one carbon-bonded hydrogen atom substituted with 
an alky! group having 1 to 6 carbon atoms or with a hydroxy! group, 

- G - J - Z (ll-a), 



- G - Z 



(ll-b) 



wherein G is as defined above, J represents an oxygen atom, a sulfur atom or a nitrogen atom, and 
Z represents an aryl group having 5 to 10 carbon atoms which is unsubstituted or has at least one 
carbon-bonded hydrogen atom substituted with an alkyl group having 1 to 6 carbon atoms, an alkoxy 
group having 1 to 6 carbon atoms or a halogen atom, or a heterocyclic group having 1 to 5 carbon 
atoms and having 1 to 4 heteroatoms, said heteroatoms being at least one atom selected from an 
oxygen atom, a sulfur atom and a nitrogen atom, with the proviso that when said heteroatom is an 
oxygen atom, said oxygen atom is not bonded to said G or said J; and 
X represents a group represented by a formula selected from the following formulae: 




Ill-a) 




(Ill-b) 




N 



(III-c) 



, and 




(Ill-d) 



wherein R 1 represents a hydrogen atom, a halogen atom or an alkyl group having 1 to 6 carbon 
atoms, and Ft 2 represents a hydrogen atom or a hydroxyl group, with the proviso that when R 2 is a 
hydroxyl group and bonded to the 2-position of formula Ill-a. said group of formula Ill-a is a carbostyril 
group. 



18 
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2. The substituted sulfonamide derivative or pharmaceutical^ acceptable acid addition salt thereof 
according to claim 1, wherein X is a group of formula (Hl-a) or formula (lll-b). 

3. The substituted sulfonamide derivative or pharmaceutical acceptable acid addition salt thereof 
5 according to claim 1 or 2, wherein Q 1 is an ethylene group. 

4. The substituted sulfonamide derivative or pharmaceutical^ acceptable acid addition salt thereof 
according to any one of claims 1 to 3, wherein Q 2 is an ethylene group or a trimethylene group. 

w 5. The substituted sulfonamide derivative or pharmaceutical^ acceptable acid addition salt thereof 
according to any one of claims 1 to 4, wherein said heterocyclic group is a pyridyl group. 

6. The substituted sulfonamide derivative or pharmaceutical^ acceptable acid addition salt thereof 
according to any one of claims 1 to 5, wherein A is a hydrogen atom. 

75 

7. A pharmaceutical composition comprising a substituted sulfonamide derivative or pharmaceutical^ 
acceptable acid addition salt thereof according to any one of claims 1 to 6, and at least one 
pharmaceutical^ acceptable carrier or diluent. 
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